WHIM studies with IXO

T. Ohashi
Tokyo Metropolitan U.

* Science of WHIM study

* Past and present WHIM study
* |XO prospect

* Other WHIM missions

With H. Kawahara (U. Tokyo) and Y. Takei (ISAS/JAXA
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WHIM (warm-hot intergalactic medium) will tell
us the evolution of the hot-phase material in the
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structur
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WHIM (105-107 K)

traces the cosmic
large-scale
structure

= “Missing
baryon”

Dark matter Galaxies

Typical matter
density:
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Kawahara et al. 06

® The best tool to explore dark baryon or WHIM In

emission.

® Good energy resolution is essential to separate
the ~100 times stronger Galactic/interplanetary



Baryon phase

With X-ray
absorption and
emission lines, a
wide area in the
baryon phase
space can be
probed

EDGE
consortium
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Recent XMM

® Werner et al. ZJC@:SXJJ;)Sbridge between
A222 and A223 (z = 0.21), 15 Mpc long?

" kT ~ 0.9 keV, 06 ~ 150, continuum only

® Bregman & Lloyd-Davis 2008: N, at z=0

favors Galactic halo rather than Local
Group medium (But, line Doppler width

shows T, > 1082 K and favors association
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Suzaku search for

® A2142 (kT =Vyteu/|,\/| =

0.0909) offset regions
® BGD was taken at 1.4° off

® At 5, from A2142 (90%
statitical error)
®QOVIl: 7.1£3.7x10¢8
cm-=2slamin-
® QOVIll: 9.2+ 5.3x 108
cm-=slamin-
® OVII flux implies & = 250 %
130
(0.1Z,, L = 2 Mpc, 2
x106K)

® However, systematic error
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Summary of Suzaku
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Summary of Suzaku WHIM
study

® WHIM or missing baryons carry important
science about structure formation and
chemical/thermal evolution of the universe

® |[ts detection Is a challenge for X-ray
astronomy

® Suzaku is giving fairly low upper limits (o
< 300) , but actual density around clusters
s o ~100

® Suzaku may be able to find dense clamps
of WHIM in cluster outskirts and in
superclusters, which will be the first
sighature of WHIM



Expectation from |IXO
(XEUS%

® Kawahara et al. 06 computed the
mock transmission spectra of the

WHIM based on hydrodynamic OVII:
2=0.26-0.30, 5

simulation data.
" a light-cone output for0 <z < 0.3
® mock spectra for a bright source

® Cosmological Hydrodynamic
Simulation (Yoshikawa et al. 01)

= PPPM/SPH (1283 DM and gas
particles, L, ,, = 75h* Mpc)
X [deg]

=0 _=03,0Q, =07 Q,=0.015h2 N,,=10-10%
cm-2

h=10.7,05= 18000 cm? (XEUS) - 30000 cm?




Simulated
spectra

N oy =1.3x10°(EW /0.1eV)cm™

Background AGN

F.= 7 x 1012ergcm-=s-t
(0.1-2.4 keV)

60 ksec observation

with IXO calorimeter

EW = 0.05 eV detected

at 30

Number of QSOs with

F,. > 7x101 cgsin

0.1-2.4 keV
~60inz>0.1
~20inz> 0.3

Kawahara et al.
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Number of WHIM

clouds - 259
Expected number of : - 9
absorption systems per 2 oy
LOS 1 - | Xel) |

S X7/

EW>0.05 eV L 4
(S/N = 30 with Fx > 3
7x 102 for 60 ksec IXO) % 5 %, g
OVIl (574 eV)  1.71 = &
OVIII (654 eV) 0.43
OVIl and OVIII  0.41 0.01 0.

With 60 (600) ksec observation of 20 bright
AGNs at z > 0.3, 8 (~30) clouds will give us joint

detection of OVII and OVIII lines



Simulation of
ctrective FEQ EEOHIS:

Energy resolution: 0.1 eV

Background source:
F.=2x101ergcm?st (0.1-2.4
keV)
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Significances

Eine on , Cai'o' Gra | Width| EW C'Uiund#

(eV) (g | (0) ] (eV) | (eV) | _qq1

445 | OVII oéz 14 4 1.2 | 0.16 0.1
0.2

507 | OVIII 5 7 2 1.0 | 0.09 0.1
0.1

514 | OVII " 8 5 0.3 0.1 0.3
0.1

585 | OVIII " 7 4 0.5 | 0.12 0.05

Calorimeter gives better sensitivity, because lines

have width.
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Combination of Grating and
Calorimeter

S/N O+N /AE

. N = number of photons
INorating = 3% 104 cm?/1500 cm? = 20

Calor|/A E = 2 eV/Ol eV = 20

. The two instruments offer similar S/N
ratios

* Lines can be broad (100 km st . A E =
0.2 eV)

* Calorimeter is sensitive in most cases,
but line profile and separation of
contaminating lines with grating can
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WHIM In non equilibrium
state _

® Filaments are generally
In the process of
heating, so OVII line is
relatively stronger than
the CIE case (blue)

® |If the region is
iImmediately after a
shock heating, OVIII line
Is stronger (red)

® Simulation should
Include these effects

= F(OVIII)/F(OVII)
!

o8]

Yoshikawa & Sasaki
(2006)
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® EW = 0.05 eV (~60 ksec observation):
20-30% of baryons can be probed

® 10 times longer exposure probes ~50% of
baryons

® OVIlI absorption can detect WHIM with T <
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WHIM with IXO

® Definitely a big jump from Chandra and
XMM-Newton capabilities (with ~300
times jump in the area)

® Calorimeter is more sensitive for most
cases, but combination of calorimeter
and grating spectrometer may be useful
in constraining WHIM motion in some
cases

® Long (~ 600 ksec) observations of
bright AGNs will be worth consideration



XENIA/EDGE and DIOS

® TES calorimeter array with 1024 pixels

® DIOS (Diffuse Intergalactic Oxygen Surveyor, Japan) ...
small mission ~400 kg

® EDGE (Explorer of Diffuse emission and Gamma-ray burst
Explosions) ... medium size ~2000 kg
[0 XENIA (Kouveliotou, Piro, den Herder) for US proposal

® | aunch: 2015 or later

® Very wide field of view (~ 1deq) e et wew.
with 4-reflection X-ray telescope  wim

GRB detector (2" unit)

® Energy range < 2 keV

WFMonitor (1st unit)

Wide Field monitor
(2" unit, not visible)

GRB detector (1%t unit)

Radiator panel
(rest at the back)

WFS cryostat

DIOS: Japanese Sma” solarpanel | EleCtTonic boxes
satellite EDGE/XENIA: US-Europe-)



Incident

Expected results
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® 0.1-1 Msec exposure with
EDGE/XENIA (SQ ~ 1000 cm?
deg?) gives significant
detection of WHIM filaments

® Combined detection of OVII

and OVIII lines suppresses

spurious features

® EDGE/XENIA has capability of
absorption measurement
against GRB afterglow -
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Combined measurement with

® \WHIM absorption measured after ~1 min from
GRB onset

® [ ater, emission lines from the same region will
be measured

® Density, ionization state, line of sight depth of

Lle — VAILITIIRNZA ) oo 221 e o ol Y oA
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WHIM
= Dark

1A T T T T T =
Cen&Ostriker :
99
0.7 E Ela |
.E o6 g O T<10%K N O
E s _ ® T=105-10"K  _ . !‘E
a ; m T>10°K 2}:
g 0.4 £ N

; 0 Galaxies

Yoshikawa et

al.2001:

Dark matter Galaxies (~104

IGM (10°7K) Clusters (107K)

Warm-Hot Intergalactic Medium = dark baryon
WHIM with 10° - 10’K traces the large scale structure
WHIM with kT > 106 K produces OVIlI and OVIIl lines
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DIOS Project

B Expected launch ~2015

5JE : ~ 550 km
fE#MHA - 30°

HE |2 ~ 400 kg
BRI%Z |~ 200 kg
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DIOS O
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Wide Field Spectrometer

Wide Field monitor
(2" unit, not visible)

GRB detector (15t unit)

WFImager

GRB detector (2" unit)
..........

WFMonitor (1st unit)

Radiator panel
(rest at the back)

Solar panel
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